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Table S1: Composition of heterotrophic plate count (HPC) agars used for drinking water
Plate Count Agar (PCA)

g L-1

Yeast extract

2.5

Tryptone / Peptone1

5.0

Dextrose / Glucose1

1.0

Agar

9.0 - 15

Yeast Extract Agar (YEA)

g L-1

Yeast extract

2.5 – 3.0

Peptone

5.0

Agar

15

R2A Agar (R2A)

g L-1

Yeast extract

0.5

Peptone

0.5

Casamino acids

0.5

Dextrose

0.5

Soluble starch

0.5

Dipotassium phosphate

0.3

Magnesium sulphate

0.05

Sodium pyruvate

0.3

Agar

15

1

Varies between manufacturers
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Example S1

Temporal instability and contamination in a karstic spring

Reference

Besmer et al. (2016) Aqua&Gas 7/8: 73-77

Experiment

Samples from a karstic spring used for drinking water were measured with online flow
cytometry at 15-minute intervals during two weeks. The goal was the assessment of
instability/contamination caused by localised precipitation events.

FCM

Total cell concentration (SG staining); Accuri C6 equipped with onCyt automation

HPC

Not available

FCM results

The FCM data describes stable dry weather concentrations of ca. 10’000 cells mL-1 in
spring water, which contaminates rapidly after precipitation events, increasing bacterial
concentrations dramatically up to 400’000 cells mL-1.

HPC results

Plating at such a high frequency (every 15 minutes) was deemed impractical for the
present study.

Conclusion

The FCM data was used to characterise the spring’s response to localised contamination,
both in frequency and in magnitude. This enabled the proposition of an early warning

3

system and guidelines for specific event-orientated sampling.
Further

Besmer and Hammes (2016) Water Research, 107, 11-18 (Spring contamination)

reading

Besmer et al. (2016) Scientific Reports, 6: 38462 (Groundwater contamination)
Besmer et al. (2014) Frontiers in Microbiology, 5: 265 (River water contamination)
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Example S2

Characterization of full-scale treatment and distribution in Amsterdam (NL)

Reference

Vital et al. (2012) Water Research 46(15): 4665-4676

Experiment

Water samples after different stages/locations of a full-scale treatment and distribution
system (without residual chlorine), collected on three separate occasions during a 14-day
period. The goal was the characterization of the treatment train and assessment of
biological stability in the distribution network.

FCM

Intact cell concentration (SGPI), Partec SL

HPC

Plate count agar (PCA), 72 h, 22°C (Dutch standard), done by accredited laboratory

FCM results

The data shows considerable changes in intact cell concentrations during treatment,
including bacterial removal during rapid sand filtration, ozonation and slow sand
filtration, as well as bacterial growth and detachment during pellet softening and GAC
filtration. Cell concentrations remained stable during distribution. The relative standard
deviation on triplicate measurements over 3 sampling days ranged between 3 – 56 %
(mean = 24 %).

HPC results

The low HPC values failed to characterise key treatment steps including disinfection
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during ozonation and growth/detachment during pellet softening and GAC filtration. The
HPC data in the network showed more fluctuations than the FCM data, although no
network samples exceeded the Dutch standard of 100 cfu mL-1. The relative standard
deviation on triplicate measurements over 3 days ranged between 0 – 151 % (mean = 78
%. Cultivability ranged between 0.001 – 0.4 % (mean = 0.09 %).
Additional

The complete study comprises two treatment and distribution systems, and
measurements on all samples with ATP, HPC on R2A agar, and specific plating for
Aeromonas.

Conclusion

The routine HPC measurements in this example poorly described the changes during
different stages of the treatment process, and the high degree of biological stability
during distribution for which Dutch water is well known.

Further

Hammes et al. (2010) J Water Supply Res T. 59: 31-40. (Similar full-scale treatment plant

reading

characterization)
Lautenschlager et al. (2014) Water Research, 62: 40–52 (Similar full-scale treatment plant
characterization)
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Example S3

Spatial instability in a full-scale drinking water distribution network

Reference

Nescerecka et al. (2014) PLoS One 9(5): e96354.

Experiment

Samples were collected during two weeks from 39 locations in a full-scale distribution
system where loss of chlorine residuals is known to occur. The goal was assessment of
biological stability within the distribution network.

FCM

Intact cell concentration (SGPI staining); Partec SL

HPC

PCA for 72h at 36°C (Latvian standard), done by accredited laboratory

FCM results

The FCM data describes an unstable distribution system with low intact cell
concentrations (ca. 10’000 cells mL-1) directly after final chlorination increasing
considerably during distribution up to 400’000 cells mL-1, suggesting considerable
regrowth/contamination in the network. Cultivation-independent ATP analysis correlated
strongly with the FCM data (R2 = 0.86).

HPC results

HPC values also increased during distribution, but did not reflect the considerable
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changes observed with FCM. The Latvian guideline value of 100 cfu mL-1 was exceeded
only once in all samples, even though the system was clearly unstable (based on TCC
increase and loss of residual chlorine). Cultivability ranged between 0.006 – 0.2 % (mean:
0.029 %), and the relative standard deviation was between 3 – 100% (mean: 30 %).
Additional

The original data series contains more samples measured with FCM and ATP but not with

information

HPC, as well as FCM total cell concentrations and HPC data measured at 22 °C. The latter
showed similar trends as described above.

Conclusion

HPC data failed to detect and accurately characterise the dramatic instability in this
distribution network in comparison to FCM and ATP data. The correlation between FCM
and HPC data was weak (R2 = 0.22).

Further

Lautenschlager et al. (2013) Water Research, 47(9): 3015-3025 (Spatial stability in a non-

reading

chlorinated distribution network).
Vital et al. (2012) Water Research 46(15): 4665-4676 (Spatial stability in a nonchlorinated distribution network).
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Example S4

Temporal fluctuations in a full-scale drinking water distribution network

Reference

Prest et al. (2016) PLoS ONE 11(10): e0164445.

Experiment

Samples taken every two weeks during two years from one location in a full-scale
distribution system without chlorine residuals. The goal was the assessment of biological
stability and temporal fluctuations.

FCM

Intact cell concentration (SGPI staining); BD Accuri C6

HPC

PCA media for 72h at 22°C (Dutch standard), done by accredited laboratory

FCM results

A clear seasonal pattern was observed in the distribution network, with intact cell
concentrations fluctuating between 50’000 (winter) and 200’000 (summer) 100 cells mL1

. The source of these fluctuating cell concentrations was identified to be the final

biofiltration treatment step in the treatment plant. Relative standard deviation was
between 1 – 17 % (mean: 5 %).
HPC results

A similar seasonality was observed, with values in winter < 5 cfu mL-1 and in summer up
to 120 cfu mL-1. The Dutch guideline value of 100 cfu mL-1 was exceeded only twice
during the entire sampling campaign. Cultivability ranged between 0.003 – 0.09 % (mean:
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0.026 %), relative standard deviation was between 4 – 106 % (mean: 43 %).
Additional

The original data series also contains FCM total cell concentrations and a similar range of
measurements for the treatment plant effluent.

Conclusion

Both FCM and HPC sufficed to describe the seasonality trends in the distribution
network, with FCM providing the actual concentrations. The correlation between FCM
and HPC data was weak (R2 = 0.26).
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Example S5

Washout from stagnated building taps during daily usage

Reference

Siebel et al. (2008) Drinking Water Engineering and Science 1: 1-6.

Experiment

Samples were collected every hour during one day from a cold-water tap in an office
building. The goal was the assessment of bacterial changes following overnight
stagnation and subsequent use of the tap.

FCM

Total cell concentration (SG staining); Partec CyFlow Space

HPC

Plate count agar (PCA), 30 °C, 72 hours

FCM results

The FCM data shows high total cell concentrations (150’000 cells mL-1) after overnight
stagnation, which decreased during regular daily use and stayed stable at approximately
45’000 cells mL-1 during the day. The relative standard deviation on triplicate
measurements range between 3.6 – 6.1 % (mean = 4.7 %).

HPC results

Plating data shows the same washout pattern as the FCM data. The relative standard
deviation on triplicate measurements ranged between 0 – 33 % (mean = 19.6 %).
Cultivability was relatively high, ranging between 0.5 – 4.8 % (mean = 1.7 %).

11

Additional

The complete data set comprise more that 200 samples from two buildings collected on
working days and weekends, and all samples were measured with ATP as well. More
detailed examples of stagnation and tap washout experiments, measured with FCM, are
shown in the two publications listed below.

Conclusion

In this example, both FCM and HPC sufficed to characterise the effect of overnight
stagnation and washout during regular tap usage.

Further

Lautenschlager et al. (2010) Water Research, 44(17): 4868-4877 (Overnight stagnation in

reading

household taps)
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Table S2: Comparison of costs for heterotrophic plate count (HPC) and flow cytometry (FCM) analysis.
While FCM methods require a high initial investment cost, it is less labour intensive than HPC. Therefore,
FCM becomes more profitable whenever larger amounts of samples are processed. The cut-off is
dependent on the protocols used and automation level, but based on our own comparison, FCM analysis
becomes less expensive than HPC from 15 samples per day onwards.
Daily cost

Helmi et al. (2014b)

New comparison

New comparison

(this paper)

(this paper)

100 samples processed

100 samples processed

15 samples processed

HPC4

HPC5

HPC5

(US$)

FCM

FCM

FCM

Instrument1

130

75

75

Consumables2

645

25

15

Labour3

90

114

65

Total
1

420

865

1030

214

155

155

For FCM new comparisons, instrument costs were based on a five year lifetime. The instruments used in

Helmi et al. (2014) and here were different.
2

For the new comparison, smaller volumes for both samples and reagents were used. Additionally, the

stain ratios were different from Helmi et al. (2014), and more dyes per sample were used in Helmi et al.
(2014).
3

Labor costs were approximately similar between the new comparison and Helmi et al. (2014).

4

Details about HPC calculations were not given in Helmi et al. (2014).

5

HPC costs in the new comparison include labour, consumables, and infrastructure, and was provided by a

water utility.
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